In Portugal, the telecommunications incumbent offers broadband access to the Internet, both through digital subscriber line and cable modem. In this article, we estimate the impact on broadband access to the Internet of the structural separation of these two businesses. We use a panel of consumer level data and a discrete choice model to estimate the price elasticities of demand and the marginal costs of broadband access to the Internet. Based on these estimates, we simulate the effect on prices and social welfare of the structural separation. Our results indicate that the structural separation would lead to substantial price reductions. For broadband clients, on average, each household would save 3.37 euros per month, or 14% of the current price levels. Overall, on average, each household would save 2.73 euros per month, or 14% of the current price levels. We test the robustness of our results in terms of: (i) the estimates of the demand elasticities, (ii) the strategic behavior of the firms, and (iii) the market share estimates. There is no evidence of collusion.
better is a random effects mixed logit model, in which unobserved household characteristics are allowed to affect the price sensitivity coefficient, and the unobserved component is the same for a given household for all periods. Households are very sensitive to price variations in Internet access services. Assuming that firms play a Bertrand game, we use the demand elasticities to estimate marginal costs. Given the demand and cost estimates, we simulate the effect on prices and social welfare of the structural separation.
Our results indicate that the structural separation would lead to substantial price reductions. For broadband clients, on average, each household would save 3.37 euros per month, or 14% of the current price levels. For narrowband clients, on average, each household would save 0.53 euros per month, or 11% of the current price levels. Overall, i.e., including also families that previously did not buy access to the Internet, on average, each household would save 2.73 euros per month, or 14% of the current price levels. The price of some products could decrease by as much as 16 euros. For broadband clients, on average, the consumer surplus per household would increase by 2.56 euros per month, and the profits per household would decrease by 0.32 euros per month. Overall, on average, the consumer surplus per household would increase by 1.69 euros per month, and the profits per household would decrease by 0.37 euros per month.
We perform three exercises to test the robustness of our results. First, we simulate parameter vectors, and use them to generate alternative demand elasticities. Then, we use these demand elasticities to estimate the marginal costs. The alternative marginal cost and price change estimates do not differ much from our original estimates. Second, we 3 Pereira and Ribeiro (2006) use similar data for the Portuguese cable television industry.
estimate the marginal costs, assuming that before the separation firms colluded on prices.
If we impose no restriction, the estimates of some of the marginal costs are negative. If we impose a non-negativity restriction, the estimates of marginal costs imply lower price-cost margins, than if firms played a Bertrand game before the separation. We interpret this as evidence that firms do not collude in prices. Third, we calibrate our final model to reflect the most recent information available on market shares, as well as the entry of firms not present in our original data set. The price decreases caused by the separation become larger, due to the higher penetration of broadband.
Our methodological approach draws on the discrete choice literature, represented among others by Domencich and McFadden (1975) , McFadden (1974) , McFadden (1978) , and . In the industrial organization literature, Berry (1994) , Berry, Levinsohn, and Pakes (1995) , and Nevo (2001) applied discrete choice models to the analysis of market structure. Dube (2005) , Ivaldi (2005) , Ivaldi and Verboven (2005) , Nevo (2000) , and Pinkse and Slade (2004) analyzed the impact of mergers in a framework similar to ours.
4 These studies used aggregate data, with the exception of Dube (2005) .
Regarding the empirical literature on broadband access to the Internet, Crandall, Sidak, and Singer (2002) used a nested-logit model to produce demand elasticity estimates. They obtained estimates of the own-price elasticities of demand for broadband access to the Internet through ADSL and cable modem of −1.18 and −1.22, respectively, and of the cross-price elasticity of demand for cable modem access with respect to the price of the ADSL of 0.60. Rappoport, Kridel, Taylor, and Alleman (2003) conducted a similar analysis for a series of models that differed in the choice set of Internet access available to households. Their estimates of the own-price elasticity of demand for narrowband access ranged from −0.17 to −0.37. The estimates of the cross-price elasticity of demand for narrowband access with respect to the prices of access to the Internet through cable modem and ADSL were 0.52 and 0.42, respectively; and the estimates of the cross-price elasticities of the demands for access to the Internet through cable modem and ADSL with respect to the price of narrowband access were 0. The estimates of the own-price elasticity of access through cable-modem and ADSL ranged from −0.59 to −0.9, and −1.4 to −1.5, respectively. The estimate of the cross-price elasticity of the demand for cable modem access with respect to the price of ADSL access was 0.77, and the estimate of the cross-price elasticity of demand for ADSL access with respect to the price of cable modem access was 0.62. Goolsbee (2006) 
Data
The data used in this study consists of a rich micro panel. We classified the Internet access options into eight products, and one outside option of no Internet access. Product (1) is the outside option. Product (2) is narrowband access.
Products (3)-(6) belong to PT ; (3) is ADSL access, (4) and (5) are cable modem access with different speeds, and (6) is a pay-as-you-go cable modem access. Finally, (7)-(9) are products of Cabovisão with different speeds. An explanation is in order. In our data set only PT offers the dial-up service. However, in 2004, PT had a market share of dial-up of only 25%, whereas IOL, Novis, Oni, and Nortenet had market shares of 32%, 27%, 10%, and 5%, respectively. We had two options, either assume that PT controlled all of the dial-up business, or assume that PT controlled none of it. We chose the latter, and interpret the share of this product as the share of dial-up as a whole, and not only the share of PT.
and Chaudhurib (2005), Hausman, Sidak, and Singer (2001a), Hausman, Sidak, and Singer (2001b) , Madden, Savage, and Coble-Neal (1999) , and Madden and Simpson (1996) . 6 The stratification of the sample was based on the 2001 census data from the Portuguese National Figures 2 and 3 describe the evolution of the penetration rates and the market shares, respectively. During the period under analysis, the market share of broadband access to the Internet increased steadily, mostly at the expense of dial-up access. The penetration rates of Internet access changed little throughout the period.
The data has three limitations. First, there is little price variation. Prices do not vary geographically, and apart from minor adjustments, they do not vary over time either. This implies that the price coefficient is identified through the interaction of price and household characteristics, and from specifying other product characteristics that are not perfectly collinear with the price variable. The second limitation of the data is that households rarely change their choice of type of Internet access. Most variation in the access choices of the households over time consists of the entry and exit of subjects from the market or the panel.
In addition, it is difficult to differentiate these events from sampling decisions of not to survey a given household. The third limitation of the data is that it does not include all firms active in the industry. However, as 
Economic Model
In this section, we present the econometric model. First, we provide a brief introduction of the discrete choice models we estimate. Second, we describe the implications of these models for the welfare analysis. Third, we present the assumptions about the behavior of firms.
Demand

Utility of Internet Access
A household chooses among a set of alternative products of Internet access. The products differ in: (i) the price, (ii) the speed of access, (iii) the bandwidth, i.e., narrowband or broadband, (iv) the technology, i.e., ADSL or cable modem, and (v) the firm. PT.com
and CATVP have national coverage. Cabovisão does not operate in some regions. 8 For the households of those regions we excluded the products of Cabovisão from their choice set.
For the households of the regions where both PT and Cabovisão operate, we included the products of both firms in their choice set.
In Portugal, unlike other countries such as the US, there is no regulatory limit to the number of cable television firms that can operate in the same geographic area, and overbuilds are common. 9 Within a region were both PT and Cabovisão operate, there might be sub-regions where the latter is not active. We accounted for this possibility by estimating models where product dummy variables interact We omit time subscripts whenever possible. Household n = 1, ..., 1650 in period t = 1, ..., 12 derives from alternative i = 1, ..., 9 utility:
where p i is the price of alternative i, x i is a j dimensional vector of the other characteristics of alternative i, z n is a k dimensional vector of household characteristics, ς nj and ξ nk are unobserved household components, which define the random coefficients associated with each of the variables, θ is a vector of parameters, and finally ε ni is a random disturbance independent across products, households, and time, and identically distributed. We assume additionally that:
where
and where α(·) is the negative of the marginal utility of income, which depends on individual characteristics. The exponential transformation imposes the restriction that the marginal utility of income is positive. All individual characteristics are therefore identified by an interaction with a price variable. Expression g(·) is a linear combination that summarizes the utility component associated with all product characteristics other than price. The parameters γ and σ γ translate the effect of individual characteristics on the marginal utility of income. The parameters β and σ β translate the household valuation of the different product characteristics. This formulation encompasses all the models analyzed in this paper.
If σ β j = σ γ k = 0, and ε ni has an extreme value Type I distribution, one obtains the standard multinomial logit model. If one sets the joint distribution of ε ni to be of the generalized extreme value family, with the required generating function, one obtains the nested logit model. If σ β j = 0 or σ γ k = 0, one obtains the mixed logit model. Note that (ς n , ξ n ) do not depend on t. Hence, for the models that use the whole panel, these unobserved components capture the correlation over time between choices of the same household, given the limited with region dummy variables. If in a region households chose a product of PT only because Cabovisão was not active, then the estimate of the coefficient of the product of the dummy variable of Cabovisão with the dummy variable of that region ought to be negative. However, the estimates of those coefficients were not statistically significant.
time variation in our data. For the models that use a single month of data, these terms capture only the correlation between alternatives, leading to flexible substitution patterns.
Choice Probabilities
Household n chooses product i if U ni > U nj , for all j = i. This occurs with probability:
where F (·) is the joint distribution function of (ε 1 , . . . , ε I ), and F i (·) is its partial derivative with respect to the i th argument. If F (·) is an extreme value type I distribution, one obtains the standard multinomial logit expression for the choice probabilities:
If V ni depends on unobserved components, the choice probabilities result from the integration over these components, and one obtains the mixed logit expression for the choice probabilities:
In models that use the whole panel, one must consider the sequence of choices made by a given household. The choices in different periods are not independent. Their dependence is modeled though the unobserved household characteristics common to all periods. The probability of observing a given sequence of choices i = (i 1 , . . . , i T ) of products over time is:
Likelihood Function
The log-likelihood functions corresponding to the multinomial logit and mixed logit models are:
where y ni = 1 if household n chooses product i, and zero otherwise. In this case, either one ignores the relationship between choices over time, or alternatively, one applies the model to the data of a single month.
For models that use the whole panel, the log-likelihood function is:
where the summation is over all possible sequences of choices, and s ni = T t=1 y nitt , i.e., s ni = 1 if household n had a sequence of choices given by i, and 0 otherwise.
Price Elasticities of Demand
Denote by ε nij , the elasticity of demand of product i with respect to price of product j for household n:
In the multinomial logit model, the partial derivative is:
implying the following elasticities:
In the mixed logit model the partial derivative is: ς,ξ) . The elasticities are obtained using the expression used above. We computed the demand elasticities of subsets of products with the formula:
where a and b are disjoint subsets of products, and w j :=
Consumer Welfare Variation
Denote by V nj and V nj , the utility levels before and after the structural separation, respectively. The structural separation implies two types of changes. First, prices change, which requires computing the market equilibrium after the separation. Second, the characteristics of the products change, i.e., x i and z n change. We assume that the number of products offered does not change.
The generalized extreme value model, of which the multinomial and the nested logit models are particular cases, provides a convenient computational formula for the exact consumers' surplus, up to a constant, associated with a policy that changes the attributes of the products in the market. Such expression, known as the "log sum" formula, is:
where H(·) is the generating function of the generalized extreme value distribution.
This formula is valid only when the indirect utility function is linear in income, i.e., when prices changes have no income effects, which is the case assumed here.
For the mixed logit model, the integration of (1) with respect to the unobserved household characteristics provides an approximation of the change in the aggregate consumer surplus.
Supply 3.2.1 Price Equilibrium
The profit function of firm i is:
) is the profit in market j, δ ij = 1 if firm i sells product j, and δ ij = 0 otherwise. We assume that firms choose prices and play a static non-cooperative game, i.e., a Bertrand game.
11 The Nash equilibrium of the game is characterized by the following set of first order conditions:
, and γ kj = 1 if products j and k are sold by the same firm, and γ kj = 0 otherwise.
Let matrices Γ and Φ consist of the elements Γ ij = γ ij and Φ ij = ∂Q j ∂p i , respectively.
Matrix Γ represents the market structure, and matrix Φ consists of the demand estimates.
Denote by A • B the element by element product of matrices A and B, i.e., the Hadamard product. The system that defines the equilibrium can be written as:
Initially there are three firms: (i) a firm that offers dial-up services, the Dial-Up firm,
(ii) CATVP, and (iii) Cabovisão. The dial-up firm controls one product, CATVP controls four products, and Cabovisão controls the remaining three. Thus: 
In the course of the analysis, we will assume two alternative forms for the matrix Γ, associated with the cases of: (i) structural separation, and (ii) perfect collusion before the separation.
Profit Variation
Denote by (Q , p ) and (Q , p ) the levels of output and prices before and after the structural separation, respectively. Taking a first-order approximation of the cost function of product j around the current level of output, the profit function is:
The profit variation for product j is then:
4 Econometric Implementation
Basic Estimation Results
We estimated five models by maximum likelihood. 13 Table 4 presents the results.
[
T able 4]
Model 1 is a stacked logit model, i.e., a model where the same household in different periods is considered a different household. This model, presented for comparison purposes, ignores the correlation of the choices of a household over time. As a consequence, the estimated standard deviations are artificially low. We also estimated twelve monthly logit models. The results showed that the estimates are very stable across periods, and are very close to those of Model 1. This reflects the fact that households do not change their choice of provider over the period in our sample.
[T able 5]
13 Integration, when necessary, was performed numerically by the Gaussian-Hermite quadrature, except in the models that required more than one integral, in which case integration was done by simulation. All procedures were coded in MATLAB.
presents the estimates of the coefficients of these additional dummy variables. The evolution of the estimates reflects the evolution of market shares, which was very small over the period of our sample. The estimates of most of these coefficients are not statistically significant.
We also estimated a nested logit model with three nests: one for no Internet access, one for PT, and one for Cabovisão. The substitution pattern had to be constrained to be compatible with random utility maximization, in which case the estimates became very close to those of Models 1 and 2. This nested logit model is therefore omitted.
As it is well know, the multinomial logit model has the property of independence of irrelevant alternatives, IIA. We performed three types of tests to determine if the data complied with the IIA property, and the direction of any eventual departure from this property. First, we performed Hausman-McFadden type of tests (Hausman and McFadden (1984) ) for Model 1, using different subgroups of the choices, and performing the test for each period. The tests were implemented in their Lagrange Multiplier version as described in McFadden (1987) . The null hypothesis that the data complies with the IIA property was rejected in the vast majority of cases. Second, we performed Lagrange Multiplier tests with the nested logit model as the alternative, also described in McFadden (1987) . The null hypothesis was not rejected in most cases. This suggests that the failure previously detected should be corrected with models other than those of the nested logit class. Third, we performed Lagrange Multiplier specification tests for the multinomial logit against mixture models described in McFadden and Train (2000) . The null hypothesis was rejected when the mixture was associated with the parameters γ, that translate the the effect of individual characteristics on the marginal utility of income α(·).
Given the results of these tests, we estimated several mixed logit models. Models with mixture components associated with the variables education, social class and age produced essentially the same results as models with a mixture component only on the constant term.
Besides, for some periods, the former models are not statistically significantly better than the latter models. Thus, we present and discuss only the more parsimonious models with a mixture component in the constant term.
Model 3 is a mixed logit model, where unobserved household characteristics are allowed to affect the sensitivity of price. The mixing distribution is a normal distribution. This formulation allows a flexible substitution pattern between products. However, the correlation between observations of a single household is still ignored. The same household in two different periods is considered a different household. We also ran an alternative version of this model, where the parameters were estimated on a monthly basis. The estimates of the coefficients of the model remained stable across periods.
Model 4 is a random effects mixed logit model, where the unobserved component is the same for a given household for all periods. The decrease in the log-likelihood is noticeable.
This translates the fact that households change Internet provider very infrequently, and therefore the choices of the households are highly correlated over time.
Model 5 is similar to Model 4, except that it has some extra random components. The elasticities implied by this models are very close to those of Model 4.
Given the previous discussion, we select Model 4 to conduct our analysis.
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The households' price sensitivity is decreasing in the education level, the social class, and the age until the late 40's, and increasing in the age afterwards. euros for the products of this firm. [T able 9]
Price Elasticities of Demand
[T able 10] Tables 9 and 10 report the price elasticities of demand of subsets of products. The results suggest that: (i) the demand for broadband access is more elastic than the demand for narrowband access, (ii) broadband and narrowband access are substitutes, and (iii) the demand for broadband access is less sensitive to the price of narrowband access, than the demand for narrowband access to the price of broadband access.
Analysis
Structural Separation assuming Nash ex-ante
The separation of the ADSL and cable modem businesses of PT would result in a market 
We impose two assumptions on marginal costs. The first assumption is that marginal costs are constant. The second assumption is that marginal costs depend only on firm characteristics and type of product, such as dial-up, cable modem, ADSL, and pay as you go. This implies that marginal costs are the same for all cable products within a firm. We made these two assumptions on marginal costs due to data limitations. On section 6, we comment the likely impact of these assumptions on our results.
[T able 11]
Given the elasticities of Table 6 , we solved system (2) numerically with respect to c.
We obtained estimates of marginal costs,ĉ, which are presented in Table 11 . Then, given the value of these estimates, and replacing Γ with Γ , we solved system (2) with respect to 16 Alternatively, one could estimate the marginal costs for each of the simulated vectors, and compute the distribution of marginal costs implied by the distribution of the parameter estimates. This would, however, be computationally burdensome, and would provide information qualitatively similar to ours.
prices, to estimate the price of each product after the separation. The results are presented in Table 12 .
[T able 12]
After the separation, the prices of broadband products decrease on average 2.58 euros, i.e., decrease 12% of their current levels. The price of narrowband decreases on average 0.32 euros, i.e., decrease 06% of their current levels. Overall, prices decrease on average 0.99 euros, i.e., decrease 10% of their current levels. The largest reductions occur for cable modem products (5) and (9), for which prices decrease by as much as 11 euros. Product (7) may experience a mild price increase.
[T able 13] i.e., including also families that previously did not buy access to the Internet, on average, the consumer surplus per household increases by 0.51 euros per month, the profits per household decrease by 0.08 euros per month, and the social welfare per households increases by 0.43 euros per month. The apparent discrepancy between the magnitude of the average price decrease and the magnitude of the increase in consumer surplus is explained by the fact that the price variation captures only the welfare effect of the marginal consumer, whereas the consumer surplus also captures the welfare effect of the submarginal consumers, including those that currently do not but access to the Internet.
We repeated the previous exercises for the elasticities of Tables 7 and 8. In Table 11 we report the respective marginal cost estimates, and in Table 12 we report the prices after the separation. The new results about the price variations caused by a structural separation do not differ much from those based on the elasticities of Table 6 . In the case of the elasticities of Table 7 , i.e., the matrix of elasticities with the norm in percentile 1, prices decrease on average 0.95 euros, or, 9.7% of their current levels. In the case of the elasticities of Table 8, i.e., the matrix of elasticities with the norm in percentile 99, prices decrease on average 2.17 euros, or, 22.5% of their current levels. Table 13 reports the associated consumer surplus and profit changes caused by the separation.
Structural Separation assuming Collusion ex-ante
In section 5.1, we assumed that before the structural separation, firms played a Bertrand game. But firms could have played a game that led to either more or less competitive outcomes, than those implied by a Bertrand game. Since we have no cost data, we cannot explore the first possibility. Regarding the second possibility, we estimate the marginal costs assuming that before the separation firms played a cooperative game. More specifically, we assume that before the separation, firms maximized jointly their profits. Matrix Γ is now:
We maintain the assumption that after the separation firms play a Bertrand game.
If we impose no restriction, the estimates of marginal costs of products (2) and (6) are large and negative. If we impose a non-negativity restriction, the marginal cost estimates are higher than those obtained assuming that firms play a Bertrand game before the separation.
This implies that the firms have lower price-cost margins if they collude, than if they play a Bertrand game. In addition, the price decreases following a separation are smaller. We interpret these results as implying that the data does not support the hypothesis that firms collude perfectly on prices.
Calibration of the Market Shares
The most recent observations from our data set are from 2004:1. Since the market has been changing very fast, our data set does not reflect the current market shares. Besides, some of the firms that currently provide ADSL and dial-up services are not present in our data set. We believe that the bias in the sample is independent of the characteristics of the households; the bias reflects mostly the diffusion process in the adoption of broadband, and the data collection decisions of Marktest. If this is true, then only the coefficients that reflect directly market shares, i.e., the coefficients of the product dummy variables, were estimated inconsistently. One can, therefore, obtain consistent estimates for these coefficients by a calibration process that adjusts them, so that the model's predicted market shares match actual market shares.
17
Partition the vector of coefficients, θ, into (θ 1 , θ 2 ), where θ 1 represents the coefficients associated with product dummy variables, and θ 2 represents all the remaining coefficients.
17 There are several alternative techniques to correct the bias of some of the coefficients of the model. See, e.g., Manski and McFadden (1981) , in particular chapters 1 and 2. The first method that appeared in the econometrics literature addressing this issue was the WESML estimator of Manski and Lerman (1977) .
Let s i represent the correct market share for product i, andθ 2 the estimated value of θ 2 .
The calibrated value of θ 1 , denoted byθ 1 , is defined by:
It is possible to add new products not present in the initial sample, provided that one can compute P ni . All that is required is that one: (i) knows the value of the exogenous variables that characterize these products, and, (ii) includes new product dummy variables. Then, one is left with stipulating a price for the dial-up and ADSL products not present in the sample. We set the prices of these new products equal to those of PT.
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[T able 14]
The elasticities that result from the calibration exercise are reported in Table 14 , where we introduced six new products for four additional firms. Tables 15 and 16 present elasticities by aggregate products. In general, the own and cross price elasticities of products (2) to (9) increase.
[T able 17] Table 17 presents the marginal cost estimates for the calibrated model. In general, the marginal cost estimates of products (2) to (9) increase.
[T able 18] Table 18 presents the prices after separation for the calibrated model. After the separation, the prices of broadband products decrease on average 3.37 euros, i.e., decrease 14% of their current levels. The prices of narrowband decrease on average 0.53 euros, i.e., decrease 11% of their current levels. Overall, prices decrease on average 2.73 euros, i.e., decrease 14%
of their current levels. The largest reductions occur again for cable modem products (5) and (9), for which prices decrease by as much as 16 euros. Product (7) may experience a price increase. The price decreases are now larger, due to the higher penetration of broadband.
[T able 19] 
Concluding Remarks
In this article, we evaluated the impact on broadband access to the Internet of the structural separation of the telephone and the cable networks of the Portuguese telecommunications' incumbent. We used consumer level data and a discrete choice model to estimate the price elasticities of demand and marginal costs for broadband access to the Internet.
Given these estimates, we simulated the effects on prices and welfare of the structural separation. Our results suggest that the increase in competition, caused by the structural separation, may lead to substantial price decreases, as well as to consumer welfare increases.
We assumed that marginal costs are constant. 19 This assumption is acceptable if the structural separation does not result in large shifts in consumer shares across firms, and a large expansion in the size of the market. In other words, this assumption is acceptable to measure the short-run impact of the structural separation. Otherwise, our estimates of price changes underestimate the impact of the structural separation. In addition, if the firms in the industry face moral hazard agency problems, such as those analyzed by Gagnepain and Pereira (forthcoming), the increase in competitive pressure unleashed by the structural separation, could induce firms to increase their cost reducing efforts, and thereby lead to lower marginal costs.
To be sure, the analysis conducted in this article gives an incomplete assessment of the impact of the structural separation of a telephone network and a cable network. First, we ignored the costs of the divestiture process. Second, we focused on broadband access to the Internet. A structural separation would impact other markets, such as fixed telephony and subscription television. The cable television firm of the incumbent could offer fixed telephony over its network. Or, the fixed telephony firm of the incumbent could offer subscription television over its network. Third, we ignored the impact of emerging technologies, such as the wireless local loop and powerline communications, that can allow the deployment of 19 Ribeiro and Pereira (2006) found evidence of scope economies between cable television and cable modem services, and of increasing returns to scale for the cable modem service.
alternative local access networks. These technologies are promising. However, it is unlikely that they will have a large impact in the near future.
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Tables
"***", "**", and "*" mean that the estimate is significantly different from 0 at 1%, 5% and 10% confidence levels, respectively. The null hypothesis is -1 for diagonal elements, and 0 for off-diagonal elements. The elasticity values correspond to the average over households.
"***", "**", and "*" mean that the estimate is significantly different from 0 at 1%, 5% and 10% confidence levels, respectively.
The null hypothesis is -1 for diagonal elements, and 0 for off-diagonal elements. The elasticity values correspond to the average over households.
The null hypothesis is -1 for diagonal elements, and 0 for off-diagonal elements. The elasticity values correspond to the average over households. "***", "**", and "*" mean that the estimate is significantly different from 0 at 1%, 5% and 10% confidence levels, respectively.
The null hypothesis is -1 for diagonal elements, and 0 for off-diagonal elements. 
